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1
LIQUID CRYSTAL COMPOSITION AND
LIQUID CRYSTAL DISPLAY INCLUDING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2006-0030552 filed in the
Korean Intellectual Property Office on Apr. 4, 2006, and also
claims priority to and the benefit of U.S. Provisional Appli-
cation No. 60/789,417 filed in the United States Patent and
Trademark Office on Apr. 4, 2006, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a liquid crystal composi-
tion and a liquid crystal display comprising the same.

(b) Description of the Related Art

Currently, aliquid crystal display (LCD) is the most widely
used flat panel display. The LCD has two display panels in
which field generating electrodes, such as pixel electrodes
and a common electrode, are formed, and a liquid crystal
layer that is interposed between the panels. In the LCD, a
voltage is applied to the field generating electrodes so as to
generate an electric field, and the alignment of liquid crystal
molecules in the liquid crystal layer is determined by the
electric field. Accordingly, transmittance of light passing
through the liquid crystal layer is controlled.

In the LCD, the liquid crystal is very important to obtain a
desired image by controlling transmittance of light. Particu-
larly, with the diversification of use of the LCD, various
characteristics such as low voltage driving, a high voltage
holding ratio (VHR), a wide viewing angle characteristic, a
wide operation temperature range, and a high speed response
characteristic, are required.

A liquid crystal layer includes a liquid crystal composition
in which various types of liquid crystal components are mixed
s0 as to satisty various characteristics described above.

However, in addition to the liquid crystal composition, a
large content of ion impurities are contained in the liquid
crystal layer. The ion impurities may be laterally transported
along an electric field formed in the liquid crystal layer and
concentrated at a predetermined portion, such as a boundary
of'a field generating electrode. In this case, the portion where
the ion impurities are concentrated may be viewed as a
residual image from the outside.

SUMMARY OF THE INVENTION

The present invention provides a liquid crystal composi-
tion and a liquid crystal display including the same, having an
advantage of reducing a residual image of the liquid crystal
display.

An embodiment of the present invention provides a liquid
crystal composition comprising a first class including a liquid
crystal compound having at least one fluorine atom, and a
second class including at least one of the liquid crystal com-
pounds represented by Formulae I, II, and III.
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The liquid crystal compounds represented by Formulae I,
II, and IIT have R, to R, as terminal groups, with each of R | to
R containing one of an alkyl group, an alkoxy group, and an
alkenyl group having C, to Cs. The second class includes a
first sub-class and a second sub-class. The first sub-class
comprises a liquid crystal compound not having the alkenyl
group in the terminal group thereof, and the second sub-class
contains a liquid crystal compound having the alkenyl group
in the terminal group thereof. The second sub-class is about 7
wt % or less of the total content of the first class and the
second class in one example.

The first class may be about 40 to 80 wt % of the total
content of the liquid crystal composition, and the second class
may be about 20 to 60 wt % of the total content of the liquid
crystal composition.

The first class may comprise at least one of the liquid
crystal compounds represented by Formulae IV to X.
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Each of R, to R, s may include one selected from an alkyl
group and an alkoxy group having C, to Cj.

Another embodiment of the present invention provides a
liquid crystal composition including a first class comprising a
liquid crystal compound having at least one fluorine atom,
and a second class comprising at least one of the liquid crystal
compounds represented by Formulae 1, II, and III.
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The liquid crystal compounds represented by Formulae I,
11, and IIT have R, to R as terminal groups, with each of R to
R, containing an alkyl group or an alkoxy group having C, to
Cs, and the second class not comprising the liquid crystal
compound having an alkenyl group in the terminal group
thereof.

The first class may be about 40 to 80 wt % of the total
content of the liquid crystal composition, and the second class
may be about 20 to 60 wt % of the total content of the liquid
crystal composition.

The first class may comprise at least one of the liquid
crystal compounds represented by Formulae IV to X.
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Each of R, to R, s may contain one selected from an alkyl
group and an alkoxy group having C, to C carbon atoms.

Yet another embodiment of the present invention provides
a liquid crystal display including a first substrate, a second
substrate facing the first substrate, a pair of field generating
electrodes formed on at least one of the first substrate and the
second substrate, and a liquid crystal layer interposed
between the first substrate and the second substrate. The
liquid crystal layer comprises a liquid crystal composition
that includes a first class comprising a liquid crystal com-
pound having at least one fluorine atom, and a second class
comprising at least one of the liquid crystal compounds rep-
resented by Formulae I, 11, and I11.
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The liquid crystal compounds represented by Formulae I,
II, and IIT have R, to R, as terminal groups, with each of R | to
R, containing one selected from an alkyl group, an alkoxy
group, and an alkenyl group having C, to Cs. The second class
comprises a first sub-class and a second sub-class. The first
sub-class contains a liquid crystal compound not having the
alkenyl group in the terminal group thereof, and the second
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sub-class contains a liquid crystal compound having the alk-
enyl group in the terminal group thereof. The second sub-
class is about 7 wt % or less of the total content of the first
class and the second class in one example.

The first class may be about 40 to 80 wt % of the total
content of the liquid crystal composition, and the second class
may be about 20 to 60 wt % of the total content of the liquid
crystal composition in one example.

The first class may contain at least one of liquid crystal
compounds represented by Formulae IV to X.
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Each of R, to R, s may contain one selected from an alkyl
group and an alkoxy group having C, to C, carbon atoms.

The liquid crystal display may further include first and
second signal lines that intersect on the first substrate, and
thin film transistors that are connected to the first and second
signal lines.

The liquid crystal display may further include an inclina-
tion direction determining member for determining an incli-
nation direction of the liquid crystal compound in the liquid
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6

crystal layer. The inclination direction determining member
may include a cutout formed in a field generating electrode or
a protrusion formed on the field generating electrode in one
example.

According to an embodiment of the present invention, a
liquid crystal display includes a first substrate, a second sub-
strate facing the first substrate, a pair of field generating
electrodes formed on at least one of the first substrate and the
second substrate, and a liquid crystal layer interposed
between the first substrate and the second substrate. The
liquid crystal layer comprises a liquid crystal composition
that includes a first class comprising a liquid crystal com-
pound having at least one fluorine atom, and a second class
comprising a liquid crystal compound shown in Formulae I,
11, or III.
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The liquid crystal compounds shown in Formulae I, 11, and
IIT have R, to Ry as terminal groups, with each of R, to Rg
containing an alkyl group or an alkoxy group having C, to Cs,
and the second class not comprising the liquid crystal com-
pound having an alkenyl group in a terminal group thereof.

The first class may be about 40 to 80 wt % of the total
content of the liquid crystal composition, and the second class
may be about 20 to 60 wt % of the total content of the liquid
crystal composition.

The first class may contain at least one of liquid crystal
compounds shown in Formulae IV to X.
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Each of R, to R, ; may contain one selected from an alkyl
group and an alkoxy group having C, to Cj.

The liquid crystal display may further include first and
second signal lines that intersect on the first substrate, and
thin film transistors that are connected to the first and second
signal lines.

The liquid crystal display may further include an inclina-
tion direction determining member for determining an incli-
nation direction of the liquid crystal compound in the liquid
crystal layer. The inclination direction determining member
may include a cutout formed in a field generating electrode or
a protrusion formed on the field generating electrode in one
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a layout view of a thin film transistor array panel
for a liquid crystal display according to an embodiment of the
present invention;

FIG. 2 is a layout view of a common electrode panel for a
liquid crystal display according to the embodiment of the
present invention;

FIG. 3 is a layout view of a liquid crystal display that
includes the thin film transistor array panel of FIG. 1 and the
common electrode panel of FIG. 2;

FIGS. 4 and 5 are cross-sectional views of the liquid crystal
display of FIG. 3 taken along the lines IV-IV and V-V, respec-
tively; and

FIG. 6 is a graph showing the result of line residual image
evaluation.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, a description will be given for a liquid crystal
composition according to an embodiment of the present
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8

invention. The liquid crystal composition contains various
types of liquid crystals having different physical properties.
Theliquid crystal includes a core group forming a center axis,
and a terminal and/or lateral group connected to the core
group. The core group may include cyclic compounds
selected from phenyl groups, cyclohexyl groups, and hetero-
cycles. The terminal group and/or the lateral group may
include a non-polar group such as an alkyl group, an alkoxy
group, and an alkenyl group, or a polar group such as a
fluorine atom (F), and the physical properties thereof depend
on the terminal group and/or the lateral group.

The liquid crystal composition according to an embodi-
ment of the present invention includes: 1) aneutral compound
not having dielectric anisotropy, and 2) a fluorine-containing
compound having dielectric anisotropy.

The neutral compound may contain one or more liquid
crystal compounds selected from the following Chemical
Formulae I to III:

@

an

Rz Ry

In the above-mentioned Formulae, each of R, to R may be
the same or different, and may contain one selected from an
alkyl group, an alkoxy group, or an alkenyl group having C,
to Cs, respectively. When at least one of R to R, contains the
alkenyl group, it is preferable that the compound containing
the alkenyl group be included in a content of about 7 wt % or
less of the total content of the liquid crystal composition.
Furthermore, it is most preferable that R, to R do not contain
the alkenyl group. The neutral compound may be contained in
a content of about 20 to 60 wt % of the total content of the
liquid crystal composition, in one example.

OO

(I

The fluorine-containing compound may be one or more
selected from the following Formulae IV to X:
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In the above-mentioned Formulae, each of R, to R, may be
the same or different, and may contain one selected from the
alkyl group or the alkoxy group having C, to Cs. The fluorine-
containing compound may be contained in a content of about
40 to 80 wt % of the total content of the liquid crystal com-
position in one example.

As described above, in an embodiment of the present
invention, the content of the neutral compound having the
alkenyl group in the terminal group thereof'is limited. That is,
the liquid crystal composition does not include the neutral
compound containing the alkenyl group in the terminal group
thereof in one example, or if it does, the liquid crystal com-
position includes the neutral compound containing the alk-
enyl group in the terminal group at about 7 wt % or less of the
total content of the liquid crystal composition in another
example.

When the neutral compound contains the alkenyl group in
the terminal group thereof, the position of a double-bond of
the alkenyl group may be a reaction site of an ion impurity.
Accordingly, the ion impurity may be combined at the termi-
nal group of the neutral compound and remains even after the
liquid crystal composition is prepared. The ion impurity is
laterally transported along an electric field formed in a liquid
crystal layer during driving of the LCD to be positioned at a
predetermined portion, such as a boundary of a field gener-
ating electrode. If the ion impurity is combined to the liquid
crystal molecule, refractive anisotropy is changed, which
causes occurrence of a line residual image.

Therefore, in an embodiment of the present invention, the
content of the neutral compound having the alkenyl group in
the terminal group thereof is set to reduce the reaction with
the ion impurity. Accordingly, a change in refractive anisot-
ropy of the liquid crystal composition due to the ion impurity
may be reduced so as to improve a line residual image char-
acteristic.
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The line residual image can be evaluated by the following
process.

First, test displays that include two panels with field gen-
erating electrodes and a liquid crystal layer interposed ther-
ebetween are prepared. A plurality of pixels are disposed in
the test display. Among the plurality of pixels, some pixels are
disposed horizontally and vertically in turn and are repre-
sented by black and the others by white to set latticed black/
white patterns. Next, after a predetermined time, the black/
white patterns are removed, and it is checked whether line-
shaped stains are recognized at the boundaries of each pixel
while changing the entire test display with uniform gray
levels from black to white. The time until the line-shaped
stain is visible (hereinafter, referred to as a “line residual
image revelation time”) is measured. The line residual image
revelation time is an index that shows how long the LCD is
driven without the line residual image. The longer the line
residual image revelation time is, the better a line residual
image characteristic is.

FIG. 6 is a graph showing the result of a line residual image
evaluation.

In the graph, an x axis is a ratio of the neutral compound
having the alkenyl group in the terminal group thereof to the
total content of the liquid crystal composition, and a y axis is
the line residual image revelation time.

As shown in the graph, when there is no neutral compound
having the alkenyl group in the terminal group thereof, that is,
when the ratio of the neutral compound having the alkenyl
group in the terminal group thereof to the total content of the
liquid crystal composition (as shown on the x axis) is 0, the
line residual image revelation time is about 3000 hours.

Meanwhile, the line residual image revelation time is sig-
nificantly reduced as the content of the neutral compound
having the alkenyl group in the terminal group thereof
increases. Particularly, when the content of the neutral com-
pound having the alkenyl group in the terminal group thereof
exceeds about 7 wt %, it has been confirmed that the line
residual image revelation time is reduced to less than about
2000 hours.

As described above, in an embodiment of the present
invention, when the neutral compound having the alkenyl
group in the terminal group thereof is contained in the content
of'about 7 wt % or less of the total content of the liquid crystal
composition, it is possible to assure the line residual image
revelation time of about 2000 hours or more. It is preferable
that the neutral compound be contained in a content of about
4 wt % or less, and it is most preferable that the neutral
compound having the alkenyl group in the terminal group
thereof is not included.

Additionally, it has been confirmed that the liquid crystal
composition according to an embodiment of the present
invention has a high line residual image revelation time and
also has desirable dielectric anisotropy, refractive anisotropy,
and rotational viscosity characteristics.

In one example, the liquid crystal composition that has the
positive dielectric anisotropy has the dielectric anisotropy
(*€) of about +3 to +20, the refractive anisotropy (“n) of
about 0.060 to 0.180, and the rotational viscosity of about 50
to 250 mPa-s, and the liquid crystal composition that has the
negative dielectric anisotropy has the dielectric anisotropy of
about -2.7 to —5.8, the refractive anisotropy of about 0.075 to
0.109, and the rotational viscosity of about 87 to 165 mPa-s.

Hereinafter, an embodiment of the present invention will
be described in detail with reference to the accompanying
drawings such that the present invention can be easily accom-
plished by those skilled in the art. As those skilled in the art
would realize, the described embodiments may be modified
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in various different ways, all without departing from the spirit
or scope of the present invention.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present. Now, a
detailed description will be given for the liquid crystal display
according to an embodiment of the present invention with
reference to FIGS. 1 to 5.

FIG. 1 is a layout view of a thin film transistor array panel
for a liquid crystal display according to an embodiment of the
present invention, FIG. 2 is a layout view of a common
electrode panel for a liquid crystal display according to an
embodiment of the present invention, FIG. 3 is a layout view
of'a liquid crystal display that includes the thin film transistor
array panel of FIG. 1 and the common electrode panel of FIG.
2, and FIGS. 4 and 5 are cross-sectional views of the liquid
crystal display of FIG. 3 taken along the lines IV-IV and V-V,
respectively.

Referring to FIGS. 1 to 5, the LCD according to an embodi-
ment of the present invention includes a thin film transistor
array panel 100 (FIG. 4) and a common electrode panel 200
(FIG. 4) facing each other, and a liquid crystal layer 3 (FIG. 4)
interposed between the two panels 100 and 200.

First, the thin film transistor array panel 100 will be
described with reference to FIGS. 1, 3, 4, and 5.

A plurality of gate lines 121 and a plurality of storage
electrode lines 131 are formed on an insulating substrate 110
formed of, for example, transparent glass or plastic.

The gate lines 121 transmit gate signals, and substantially
extend in a horizontal direction. Each of the gate lines 121
includes a plurality of gate electrodes 124 protruding upward
and an end portion 129 having a wide end for connection to
other layers or external driving circuits. A gate driving circuit
(not shown) that generates gate signals may be provided on a
flexible printed circuit film (not shown) to be attached to a
substrate 110, may be directly provided on the substrate 110,
or may be integrated on the substrate 110. When the gate
driving circuit is integrated on the substrate 110, the gate line
121 may extend to be directly connected to the gate driving
circuit.

A predetermined voltage is applied to the storage electrode
lines 131, and each of the storage electrode lines 131 includes
a stem line extending almost parallel to the gate line 121, and
aplurality of first, second, third, and fourth storage electrodes
133a, 13354, 133¢, and 1334 and a plurality of connections
133e branched from the stem line. Each of the storage elec-
trode lines 131 is provided between two adjacent gate lines
121, and the stem line is closer to the upper one of the two
adjacent gate lines 121.

The first and second storage electrodes 133a and 1335
extend in a vertical direction so as to face each other. The first
storage electrode 133a has a fixed end that is connected to the
stem line and a free end opposite to the fixed end. The fixed
end has a projection. The third and fourth storage electrodes
133¢ and 1334 obliquely extend from the center of the first
storage electrode 1334 to upper and lower ends of the second
storage electrode 1335, respectively. The connection 133e¢ is
connected between adjacent storage electrodes 133a to 1334.
However, the shape and arrangement of the storage electrode
lines 131 may be modified in various ways.
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The gate lines 121 and the storage electrode lines 131 may
be made of a conductor having low resistance, for example an
aluminum-containing metal such as aluminum (Al) or an
aluminum alloy, a silver-containing metal such as silver (Ag)
or a silver alloy, a copper-containing metal such as copper
(Cu) or a copper alloy, a molybdenum-containing metal such
as molybdenum (Mo) or a molybdenum alloy, chromium
(Cr), tantalum (Ta), or titanium (T1). Further, the gate lines
121 and the storage electrode lines 131 may have a multilayer
structure including two conductive layers (not shown) whose
physical properties are different from each other.

Side surfaces of the gate lines 121 and the storage electrode
lines 131 are inclined with respect to a surface of the substrate
110, and an inclination angle thereof is preferably in a range
of'about 30° to 80° in one example.

On the gate line 121 and the storage electrode line 131, a
gate insulating layer 140 that is made of silicon nitride (SiN,)
or silicon oxide (SiO,) is formed.

On the gate insulating layer 140, a plurality of semicon-
ductor stripes 151 that are made of hydrogenated amorphous
silicon (abbreviated as hydrogenated a-Si) or polysilicon are
formed. The semiconductor stripes 151 substantially extend
in a vertical direction and have a plurality of projections 154
that protrude toward the gate electrodes 124.

A plurality of ohmic contact stripes (not shown) and
islands 165 are formed on the semiconductor stripes 151.
Each ofthe ohmic contact stripes has a plurality of projections
163, and the projections 163 and the ohmic contact islands
165 are disposed on the projection 154 of the semiconductor
stripe 151 in pairs. The ohmic contacts 163 and 165 may be
made of a material such as n+ hydrogenated a-Si that is
heavily doped with an n-type impurity such as phosphorous
(P), or of silicide.

The side surfaces of the semiconductor stripes 151 and the
ohmic contacts 163 and 165 are also inclined with respect to
the surface of the substrate 110, and the inclination angle
thereof is in a range of about 30° to 80° in one example.

On the ohmic contacts 163 and 165 and the gate insulating
layer 140, a plurality of data lines 171, a plurality of drain
electrodes 175, and a plurality ofisolated metal pieces 178 are
formed.

The data lines 171 transmit data signals, and substantially
extend in a vertical direction to intersect the gate lines 121, the
stem line of the storage electrode lines 131, and the connec-
tions 133e. Each of the data lines 171 has a plurality of source
electrodes 173 that extend toward the gate electrodes 124 and
a wide end portion 179 for connection to the other layers or
external driving circuits. A data driving circuit (not shown)
that generates a data voltage may be provided on a flexible
printed circuit film (not shown) to be attached to the substrate
110, may be directly provided on the substrate 110, or may be
integrated on the substrate 110. When the data driving circuit
is integrated on the substrate 110, the data lines 171 may be
directly connected to the data driving circuit.

The drain electrodes 175 are formed to be separated from
the data lines 171, and face the source electrodes 173 with the
gate electrodes 124 interposed therebetween. Each of the
drain electrodes 175 has a wide end and a rod type end that is
surrounded by the source electrode 173.

One gate electrode 124, one source electrode 173, and one
drain electrode 175 form a single thin film transistor (TFT)
along with the projection 154 of the semiconductor stripe
151, and a channel of the thin film transistor is formed on the
projection 154 between the source electrode 173 and the drain
electrode 175.

The isolated metal piece 178 is disposed on the gate line
121 in the vicinity of the first storage electrode 133a.
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Like the gate lines 121, the data lines 171, the drain elec-
trodes 175, and the isolated metal pieces 178 may be made of
a conductor having low resistance.

Side surfaces of the data lines 171, the drain electrodes 175,
and the isolated metal pieces 178 are also inclined with
respect to the surface of the substrate 110, and the inclination
angle thereof is preferably in a range of about 30° to 80° in
one example.

The ohmic contacts 163 and 165 are formed only between
the underlying semiconductor stripe 151, and the overlying
data lines 171 and drain electrodes 175, thereby reducing
contact resistance therebetween.

A passivation layer 180 is formed on the data lines 171, the
drain electrodes 175, the isolated metal pieces 178, and an
exposed portion of the semiconductor stripes 151. The passi-
vation layer 180 may be made of an inorganic insulator or an
organic insulator. The surface thereof may be planarized.
Examples of the inorganic insulator include silicon nitride
and silicon oxide. The organic insulator may have photosen-
sitivity, and it is preferable that the dielectric constant is about
4.0 or less. The passivation layer 180, however, may have a
double layer structure of an inorganic lower layer and an
organic upper layer so as to have an excellent insulating
characteristic of the dielectric layer without damaging the
exposed portion of the semiconductor stripes 151.

A plurality of pixel electrodes 191, a plurality of over-
passes 83, and a plurality of contact assistants 81 and 82 are
formed onthe passivation layer 180. The pixel electrodes 191,
the overpasses 83, and the contact assistants 81 and 82 may be
made of a transparent conductive material such as indium tin
oxide (ITO) or indium zinc oxide (IZO), or a reflective metal
such as Al, Ag, Cr, or alloys thereof.

The pixel electrode 191 is physically and electrically con-
nected to the drain electrode 175 through a contact hole 185,
and the data voltage is applied from the drain electrode 175 to
the pixel electrode 191. The pixel electrode 191 applied with
the data voltage forms an electric field along with the com-
mon electrode 270 of the common electrode panel 200
applied with the common voltage, thereby determining the
orientation of liquid crystal molecules 310 of the liquid crys-
tal layer 3 interposed between the two electrodes 191 and 270.
The polarization of light passing through the liquid crystal
layer 3 varies depending on the determined orientation of the
liquid crystal molecules 310. The pixel electrode 191 and the
common electrode 270 form a capacitor (hereinafter referred
to as “liquid crystal capacitor”) to maintain the applied volt-
age even after the thin film transistor is turned off.

The pixel electrode 191 overlaps the storage electrode line
131 including the storage electrodes 133a to 133d. The pixel
electrode 191 and the drain electrode 175 that is electrically
connected to the pixel electrode 191 overlap the storage elec-
trode line 131 to form a capacitor. This capacitor is referred to
as a “storage capacitor”. The storage capacitor improves a
voltage-maintaining property of the liquid crystal capacitor.

Each ofthe pixel electrodes 191 has four main sides that are
substantially parallel to the gate lines 121 or the data lines
171, and four corners thereof are chamfered. Thus, the pixel
electrode is almost rectangular. The angle of each of the
chamfered sides of the pixel electrode 191 is about 45° with
respect to the gate lines 121 in one example. The pixel elec-
trode 191 has a center cutout 91, a lower cutout 924, and an
upper cutout 925, and is divided into a plurality of partitions
by the cutouts 91 to 925. The cutouts 91 to 925 are substan-
tially inversely symmetric to an imaginary horizontal center
line that bisects the pixel electrode 191.

The lower and upper cutouts 92a and 924 obliquely extend
between the right and left sides of the pixel electrode 191 and
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overlap the third and fourth storage electrodes 133¢ and 1334.
The lower and upper cutouts 92a and 926 are positioned in
lower and upper portions with respect to the horizontal center
line of the pixel electrode 191, respectively. The lower and
upper cutouts 92a and 925 are perpendicular to each other and
are formed at about 45° with respect to the gate line 121.

The center cutout 91 extends along the horizontal center
line of the pixel electrode 191 and has an opening formed on
the right side thereof. The opening of the center cutout 91 has
a pair of oblique sides that are substantially parallel to the
lower cutout 92a and the upper cutout 925. The center cutout
91 has horizontal portions and a pair of oblique portions
connected to the horizontal portions. The horizontal portions
extend short along the horizontal center line of the pixel
electrode 191, and a pair of oblique portions extend from the
horizontal portions to the right side of the pixel electrode 191
to be substantially parallel to the lower cutout 92a and the
upper cutout 925.

Accordingly, the lower portion of the pixel electrode 191 is
divided into two regions by the lower cutout 924, and the
upper portion thereof'is divided into two regions by the upper
cutout 925. The number of regions or cutouts varies depend-
ing on design factors, such as the size of the pixel electrode
191, the length ratio of the horizontal side and the vertical side
of the pixel electrode 191, the type or characteristics of the
liquid crystal layer 3, and the like.

The overpass 83 intersects the gate line 121 and is con-
nected to the exposed portion of the storage electrode 131 and
the exposed end of the free end of the first storage electrode
133 through contact holes 183a and 1835 that are opposite to
each other with the gate lines 121 therebetween. The storage
electrodes 1334 and 1335, the storage electrode lines 131, and
the overpasses 83 may be used to repair defects of the gate
lines 121, the data lines 171, or the thin film transistors.

The contact assistants 81 and 82 are connected to the end
portions 129 of the gate lines 121 and the end portions 179 of
the data lines 171 through contact holes 181 and 182, respec-
tively. The contact assistants 81 and 82 complement the
attachment of the end portions 129 of the gate lines 121 and
the end portions 179 of the data lines 171 to the external
devices, and protect them.

Next, with reference to FIGS. 2 to 4, the common electrode
panel 200 will be described.

A light blocking member 220 is formed on an insulation
substrate 210 formed of transparent glass or plastic in one
example. The light blocking member 220 is referred to as a
black matrix, and prevents light leakage between the pixel
electrodes 191. The light blocking member 220 faces the
pixel electrode 191 and has a plurality of openings 225 that
substantially have the same shape as the pixel electrodes 191.
The light blocking member 220, however, may have portions
corresponding to the gate lines 121 and the datalines 171, and
portions corresponding to the thin film transistors.

Further, a plurality of color filters 230 are formed on the
substrate 210. Most of the color filters 230 are disposed in a
region surrounded by the light blocking member 220, and
may extend along the column of the pixel electrodes 191 in a
vertical direction. Each of the color filters 230 can display one
of three primary colors, such as red, green, and blue.

An overcoat 250 is formed on the color filters 230 and the
light blocking member 220. The overcoat 250 may be made of
an (organic) insulating member, and it prevents the color
filters 230 from being exposed to the outside and provides a
flat surface. The overcoat 250 is optional and may be omitted.

A common electrode 270 is formed on the overcoat 250.
The common electrode 270 is made of a transparent conduc-
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tor such as ITO or 170, and a plurality of cutouts 71, 72a, 726
are formed in the common electrode 270.

A group of cutouts 71 to 725 face one pixel electrode 191
and includes a center cutout 71, a lower cutout 724, and an
upper cutout 72b. Each of the cutouts 71 to 725 is disposed
between adjacent cutouts 91 to 925 of the pixel electrode 191
or between cutouts 92a and 925 and chamfered sides of the
pixel electrode 191. Further, each of the cutouts 71 to 725 has
at least one oblique portion that substantially extends parallel
to the lower cutout 924 or the upper cutout 925 of the pixel
electrode 191. The cutouts 71 to 726 are substantially
inversely symmetric to the horizontal center line of the pixel
electrode 191.

The lower and upper cutouts 72a and 7256 have oblique
portions, horizontal portions, and vertical portions. The
oblique portions substantially extend from upper sides or
lower sides of the pixel electrode 191 to left sides of the pixel
electrodes. The horizontal portions and the vertical portions
extend along the sides of the pixel electrode 191 from ends of
the oblique portions while overlapping the sides of the pixel
electrode and are formed at an obtuse angle with the oblique
portions.

The center cutout 71 has center horizontal portions, a pair
of oblique portions, and a pair of longitudinal vertical por-
tions. The center horizontal portions substantially extend
along the horizontal center line of the pixel electrode 191
from the left side of the pixel electrode 191 to the right side
thereof. The pair of oblique portions are formed at an obtuse
angle with respect to the center horizontal portions from ends
of the center horizontal portions to the right side of the pixel
electrode 191, and substantially extend parallel to the lower
and upper cutouts 72a and 72b. The longitudinal vertical
portions extend along the right sides of the pixel electrode 191
from the ends of the corresponding oblique portions to over-
lap the right sides, and are formed at an obtuse angle with
respect to the oblique portions.

The number of cutouts 71 to 726 may vary depending on
design factors. The light blocking member 220 may overlap
the cutouts 71 to 72b to prevent light leakage around the
cutouts 71 to 72b.

When the common voltage is applied to the common elec-
trode 270 and the data voltage is applied to the pixel electrode
191, an electric field that is substantially perpendicular to the
surfaces of the display panels 100 and 200 is generated. In
response to the electric field, the orientation of the liquid
crystal molecules 310 is changed such that the major axes of
the liquid crystal molecules 310 are perpendicular to the
orientation of the electric field.

The cutouts 71 to 725 and 91 to 9254 in the field generating
electrodes 191 and 270 and the sides of the pixel electrode
191 deform the electric field so as to generate a horizontal
component that determines the inclination direction of the
liquid crystal molecules 310. The horizontal component of
the electric field is substantially perpendicular to the sides of
the cutouts 71 to 7256 and 91 to 9256 and the sides of the pixel
electrode 191.

Referring to FIG. 3, one group of cutouts 71 to 726 and 91
to 925 divide the pixel electrode 191 into a plurality of sub-
domains, and each of the respective sub-domains has two
primary edges that are formed at an oblique angle with a
primary edge of'the pixel electrode 191. The primary edges of
the sub-areas and polarization axes of polarizers 12 and 22 are
formed at approximately 45°, which maximizes optical effi-
ciency.

Since most of the liquid crystal molecules 310 in the sub-
domains are formed to be perpendicular to the primary edges,
the inclination directions are approximately four. Accord-
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ingly, with various directions of the liquid crystal molecules
310, a reference viewing angle of the LCD increases.

The shapes and arrangement of the cutouts 71 to 726 and 91
to 925 may be modified in various ways.

At least one of the cutouts 71 to 7256 and 91 to 925 may be
replaced with a protrusion (not shown) or a depression (not
shown). The protrusion may be made of an organic material
or an inorganic material, and may be disposed above or below
the field generating electrodes 191 and 270.

Alignment layers 11 and 21 are applied on inner surfaces of
the display panels 100 and 200, and may be vertical alignment
layers.

The polarizers 12 and 22 are disposed on outer surfaces of
the display panels 100 and 200, and polarization axes (X,Y)
of'the two polarizers 12 and 22 are perpendicular to each other
and formed at about 45° with respect to the oblique cutouts
92a and 925 and the oblique portions of the cutouts 71 to 725.
In the case of a reflective liquid crystal display, one of the two
polarizers 12 and 22 may be omitted.

The LCD according to an embodiment of the present
invention may further include a retardation film (not shown)
for compensating retardation of the liquid crystal layer 3. The
LCD may further include a lighting unit (backlight unit) (not
shown) that emits light to the polarizers 12 and 22, the retar-
dation film, the display panels 100 and 200, and the liquid
crystal layer 3.

The liquid crystal layer 3 has a negative dielectric anisot-
ropy, and is oriented such that the major axes of the liquid
crystal molecules 310 in the liquid crystal layer 3 are substan-
tially perpendicular to the surfaces of the two display panels
100 and 200 when no electric field is applied. Accordingly,
incident light does not pass through the crossed polarizers 12
and 22 and is blocked.

As described above, the liquid crystal layer 3 comprises a
liquid crystal composition. In one example, the liquid crystal
composition includes the neutral compound not having
dielectric anisotropy and the fluorine-containing compound
having dielectric anisotropy.

The neutral compound may be one or more selected from
the following Formulae I to III.

@

an

Rz Ry

In the above-mentioned Formulae, each of R, to R, may
contain one selected from an alkyl group, an alkoxy group, or
an alkenyl group having C, to C,. However, it is preferable
that the compound having the alkenyl group not be included.
When the compound having the alkenyl group is included, it
is preferable that the compound containing the alkenyl group
be included at about 7 wt % or less of the total content of the
liquid crystal composition. As described above, the content of
the neutral compound having the alkenyl group may be lim-
ited so as to increase a line residual image revelation time.

The fluorine-containing compound may be one or more
selected from the following Formulae IV to X.

OO

(I
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In the above Formulae, R, to R, ; may contain one selected
from an alkyl group or an alkoxy group having C, to C,.

The neutral compound may be included at about 20 to 60
wt % ofthe total content of the liquid crystal composition, and
the fluorine-containing compound may be included at about
40 to 80 wt % of the total content of the liquid crystal com-
position.

In the above-mentioned embodiment of the present inven-
tion, only a vertically aligned (VA) mode LCD is described.
However, it will be easily understood by those skilled in the
art that the present invention can be applied to a horizontally
oriented mode liquid crystal display, such as twisted nematic
(TN) or horizontal electric field (IPS) display. While this
invention has been described in connection with what is pres-
ently considered to be practical embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims.
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What is claimed is:

1. A liquid crystal composition, comprising:

a first class including a liquid crystal compound having at
least one fluorine atom; and

a second class including at least one liquid crystal com-
pound represented by one of Formulae 1, II, and III,

@

an

Rz Ry

wherein the liquid crystal compounds represented by For-
mulae I, II, and III have R, to Ry as terminal groups,
whicheach of R, to R includes one of'an alkyl group, an
alkoxy group, and an alkenyl group having C, to C,,

further wherein the second class includes a first sub-class
and a second sub-class, the first sub-class including a
liquid crystal compound not having the alkenyl group in
the terminal group thereof, and the second sub-class
including a liquid crystal compound having the alkenyl
group in the terminal group thereof,

wherein the second sub-class is 5 wt % or less of a total
content of the first class and the second class,

wherein the first class is about 40 to 80 wt % of a total
content of the liquid crystal composition and the second
class is about 20 to 60 wt % of a total content of the liquid
crystal composition,

wherein a total amount of the first class and the second
class is the same as that of the liquid crystal composition,
and

OO

(I

wherein the first class includes at least one of the liquid
crystal compounds represented by Formulae VII to X

(VID)

F
F F
(VIID)
F
(IX)
F
F F
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-continued
X

F F
e O O e '
F F

wherein each of R ; to R ; includes one selected from an
alkyl group and an alkoxy group having C, to Cs.
2. A liquid crystal display, comprising:
a first substrate;
a second substrate facing the first substrate;
apair of field generating electrodes formed on at least one
of the first substrate and the second substrate; and
a liquid crystal layer interposed between the first substrate
and the second substrate,
wherein the liquid crystal layer comprises a liquid crystal
composition that includes:
a first class including a liquid crystal compound having
at least one fluorine atom, and
a second class including at least one liquid crystal com-
pound represented by one of Formulae I, 1, and 11,

@

an

R3 Ry

wherein the liquid crystal compounds represented by
Formulae I, 11, and III have R, to R4 as terminal
groups, which each of R, to R, includes one selected
from an alkyl group, an alkoxy group, and an alkenyl
group having C, to Cs, the second class including a
first sub-class and a second sub-class, the first sub-
class including a liquid crystal compound not having
the alkenyl group in the terminal group thereof, and
the second sub-class including a liquid crystal com-
pound having the alkenyl group in the terminal group
thereof,
wherein the second sub-class is 5 wt % or less of a total
content of the first class and the second class,
wherein the first class is about 40 to 80 wt % of a total
content of the liquid crystal composition and the sec-
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ond class is about 20 to 60 wt % of a total content of
the liquid crystal composition, and

wherein a total amount of the first class and the second
class is the same as that of the liquid crystal compo-
sition

wherein the first class includes at least one of the liquid
crystal compounds represented by Formulae VII to X

(VID)

(VIID)

F

Rls . . O O F
F F

X

e O O e '

wherein each of R, ; to R ; includes one selected from an
alkyl group and an alkoxy group having C, to Cs.

3. The liquid crystal display of claim 2, further comprising:

first and second signal lines that intersect on the first sub-
strate; and

thin film transistors that are connected to the first and
second signal lines.

4. The liquid crystal display of claim 3, further comprising:

an inclination direction determining member determining
an inclination direction of the liquid crystal compound
in the liquid crystal layer.

5. The liquid crystal display of claim 4, wherein

the inclination direction determining member includes a
cutout formed in a field generating electrode or a pro-
trusion formed on the field generating electrode.
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